BACKGROUND: Iodine deficiency produces the spectrum of iodine deficiency disorders (IDDs) including endemic goiter, hypothyroidism, cretinism and congenital anomalies. Other factors, including goitrogens and micronutrient deficiencies may influence the prevalence and severity of IDDs and response to iodine supplementation. An association between zinc and goiter has previously been reported.
Zinc status in goitrous school children of Semirom, Iran
Iodine deficiency produces the spectrum of iodine deficiency disorders (IDDs) including endemic goiter, hypothyroidism, cretinism and congenital anomalies. Other factors, including goitrogens and micronutrient deficiencies may influence the prevalence and severity of IDDs and response to iodine supplementation. An association between zinc and goiter has previously been reported.
METHODS:
A cross sectional study investigating an association between goiter and serum zinc status was performed in 2003 in a mountainous region of Iran. One thousand eight hundred twenty-eight children were selected by multistage cluster sampling. Goiter staging was performed by inspection and palpation. Serum zinc, total thyroxine, thyroid stimulating hormone and urinary iodine concentration were measured in a group of these children.
RESULTS:
Thirty six and seven tenth percent of subjects were classified as goitrous. Serum zinc level in goitrous and nongoitrous children was 82.80 ± 17.85 and 83.38 ± 16.25 9g/dl, respectively (p = 0.81). The prevalence of zinc deficiency (serum zinc ; 65 9g/dl) in goitrous and nongoitrous children did not differ significantly (9.3 % vs. 10.8%, p = 0.70).
CONCLUSIONS:
Goiter is still a public health problem in Semirom. According to the present study zinc status may not play a role in the etiology of goiter in Semirom school children. However, the role of other goitrogens or micronutrient deficiencies should be investigated in this region.
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Goiter, Iodine Deficiency, Zinc Deficiency, Child. oiter is an enlargement of the thyroid gland that often produces a noticeable swelling in the front of the neck. This enlargement can be caused by iodine deficiency, inability of the body to use iodine correctly, or a variety of thyroid disorders, including infections, tumors, and autoimmune diseases. [1] [2] [3] Nutritional deficiencies, including zinc, 4 manganese, 5 vitamin A, 6, 7 and severe protein malnutrition 6 also contribute to inability to proper usage of iodine and development of goiter. 7 In Iran, all salt preparations have been iodized since 1988. Production of uniodized house salt has also been forbidden by legislation since 1994, and thereafter frequent regular evaluations of salt (at factory, store and house levels), and also urine iodine by provincial organization and local officials of health have confirmed adequate iodine intake. 8 This study was performed in 2003, in Semirom, a mountainous region in the central area of Iran, where goiter was endemic with a prevalence of about 89.5% estimated in 1994. 9 Besides salt iodization since 1988, in 1993, all G citizens of Semirom were given a single dose of intramuscular injection of 480 mg iodized oil. Because the goiter prevalence was not decreased as expected ( less than 5% till 2000 ) many years after iodine injection and salt iodization described above, an important question emerged: which factors other than iodine deficiency are responsible for persistence of goiter in that area?
Zinc is a trace element with numerous functions in the human organism. It is important for the appropriate functioning of metabolism, growth, immunological system and an essential component of various metalloenzymes in the organism participating in the synthesis of other enzymes. 10 Zinc plays a key role in the thyroid function. It is very important in thyrotropin-releasing hormone synthesis, 11 is essential for thyroxine (T4)-to-T3 conversion, 12 and is required for the biological functioning of the thyroid hormone and related receptors. 13 Zinc deficiency has a suppressing effect on thyroid hormones, whereas zinc supplementation has an opposite effect. 14, 15 The aim of the present study was to investigate the role of zinc deficiency in the endemic goiter in school children of Semirom, Iran.
Methods
This was a cross sectional study performed on school children of Semirom. One hundred and eight elementary schools with 4773 students were considered as primary sampling units. Seventy nine schools were from rural areas with 2449 students (1247 males and 1202 females), and 29 schools from urban areas with 2324 students (1126 males and 1198 females). Subjects were enrolled with a multistage cluster sampling procedure and then, appropriate numbers of children were sampled randomly within selected clusters. Written consent was obtained from parents of children before inclusion. We excluded subjects with history of exposure to radioactive iodine, thyroid surgery or significant underlying disease such as cardiopulmonary, liver or renal problems. Information for exclusion was collected based on available medical records of students and interviews with parents, teachers and participants.
We examined all children and goiter grading was performed according to WHO classification. 16 In a case control sub-study, grade 2 goitrous children were compared with a proper number of randomly selected children from nongoitrous group for serum zinc, total thyroxine (T4), thyroid stimulating hormone (TSH) and urinary iodine concentration (UIC).
Blood samples were transported by dry ice to the reference laboratory of Isfahan Endocrine and Metabolism Research Center. Plastic bottles with screw caps were utilized to collect the urine samples. The samples were stored in the freezer at the temperature of -70°C until analysis. Serum T4 was measured with radioimmunoassay (Iran Kavoshyar Co., Tehran, Iran). Serum TSH concentration was measured using immunoradiometric assay (Iran Kavoshyar Co., Tehran, Iran).The normal range of T4 was 4.5 -12 Ag/dl and for TSH was 0.3-3.9 mU/l. Serum zinc concentrations were measured with atomic absorption spectrometry. Zinc deficiency was defined as serum zinc C 65 Ag/dl. 17 UIC was measured by digestion method based on a modification of SandellKolthoff reaction. UIC less than 10Ag/dl was considered as iodine deficiency . 16 This study was approved by ethics committee of Goiter Research Center affiliated to Isfahan University of Medical Sciences. Written permission was taken from the provincial organization of education. In Semirom, local official of health and education accompanied us.
Quantitative variables are presented as mean ± SD or median. Normality of data distribution was assessed with KolmogorovSmirnov test .Independent sample t-test was used to compare measurements in different groups. Parameters not normally distributed were compared by Mann-Whitney test. Prevalence of zinc deficiency between goitrous and normal children was compared by Chi-square test. Pearson correlation was used to find correlation between serum zinc and different quantitative variables. To explore the association between goiter and other variables, the logistic regression model was also built up. P value less than 0.05 was considered statistically significant. All analysis was performed using SPSS version 15 (SPPS Corp, Chicago, IL, USA).
Results
A total of 1828 school children (879 from urban and 949 from rural areas) were enrolled in this study with male to female ratio of 1.18 and age of 7 to 13 (9.3 ± 1.0 years). Thirty six and seven tenth percent (36.7%) of subjects were classified as goitrous (Table 1) . Goiter prevalence among girls was 38.6% while 35% of boys were goitrous (p = 0.06). The mean UIC in children was 19.3 ± 9.1 Ag/dl. Mild (5 C UIC < 10 Ag/dl) and moderate (2 C UIC < 5Ag/dl) iodine deficiency was detected in 6.4% and 3.2% of cases, respectively. Only 1.8% of children were severely iodine deficient (UIC < 2Ag/dl).
One hundred and eight grade 2 goitrous children and 111 randomly selected children from nongoitrous group agreed to participate in the sub-study of zinc evaluation.
The mean ± SD of serum zinc in goitrous children was comparable to serum zinc level in nongoitrous subjects (82.80 ± 17.85 vs. 83.38 ± 16.25 Ag/dl, p = 0.81). Serum zinc in goitrous and nongoitrous boys was 83.10 ± 18.50 and 88.42 ± 17.50 Ag/dl, respectively (p = 0.12). Serum zinc level in goitrous girls was not statistically different from that in nongoitrous girls (82.51 ± 17.35 vs. 77.00 ± 11.91Ag/dl, p = 0.06).
The prevalence of zinc deficiency in goitrous and nongoitrous children was 9.3% and 10.8%, respectively (p = 0.70). Whilst 13% of goitrous boys had zinc deficiency, 6.5% of nongoitrous boys were zinc deficient (p = 0.23).
The prevalence of zinc deficiency in goitrous and nongoitrous girls was 5.6% and 16.3%, respectively (p = 0.07).
Using logistic regression analysis, we showed no association between zinc status and risk of goiter (Table 2) . Serum T4 in goitrous and nongoitrous subjects was 8.65 ± 1.59 and 9.16 ± 1.47 Ag/dl, respectively (p = 0.02). Serum TSH in goitrous and nongoitrous children did not differ significantly (3.04 ± 2.93 vs. 2.50 ± 1.19 mU/l, p = 0.09). There was also no significant difference in TSH, T4, and UIC levels between zinc deficient and zinc sufficient subjects (Table 3) . Serum zinc was not correlated with TSH, T4, age, height, and weight. However, there was a negative weak correlation between Serum zinc and BMI (r = -0.18, p = 0.18).
Discussion
This study shows that goiter prevalence has decreased from 89.55% in 1994 9 to about 36% in 2003. This implies iodine deficiency has been the most important cause of endemic goi-ter in the area and shows the effective role of single intramuscular injection of iodized oil and also salt iodization in decreasing goiter rate. However, Semirom is still considered an endemic region of goiter and in spite of the salt iodization program and iodized oil injection; goiter rate is still high in this area. It should also be noted that according to WHO/UNICEF/ICCIDD recommended criteria, 16 there is no biochemical iodine deficiency or no inadequacy in iodine intake of the studied population.
In iodine deficient areas, multiple nutritional and environmental influences may contribute to the prevalence and severity of iodine deficiency disorders. 18 We had previously showed that neither selenium deficiency 19 nor iron deficiency 20 play a role in the etiology of residual goiter in schoolchildren of Semirom.
Zinc is an essential nutrient that is required in human and animals for many physiological functions. 21 It is a component of more than 300 enzymes including metal containing enzymes which participate in nucleic acid and carbohydrate metabolism, along with protein metabolism. 22 The biological effects of zinc are remarkably diverse. Thirty percent of cellular zinc is found within the nucleus, 23 and a large numbers of proteins that play a role in the regulation of gene expression have been either shown or suspected to contain zinc. It has been suggested that nuclear zinc-binding proteins may be more susceptible to zinc deficiency than zinc metaloenzymes because they have a lower affinity for the cation. 24 Triiodo-L-thyronine (T3) receptors, in common with other members of the nuclear receptor family, are thought to be included among the nuclear zinc-binding proteins. 25 In the present study we showed that there was no significant difference in serum zinc level between goitrous and nongoitrous children. We also did not find any significant difference between the prevalence of zinc deficiency in children with and without goiter. There are controversial data about the role of zinc status in development of goiter. In one study in Turkey, Ozata et al showed that zinc deficiency might contribute to the pathogenesis of endemic goiter. 4 On the other hand, Hampel et al showed that zinc deficiency did not contribute to endemic goiter in Germany. 26 The present study is the second investigation to find the role of zinc status in endemic goiter in an Iranian population. The study which was published recently 17 and used almost similar method to the present work, did not find any association between zinc status and endemic goiter in Iranian schoolchildren too.
In a zinc deletion-repletion study carried out in humans, TSH, total T4 and free T4 tented to decrease during the depletion phase and returned to control levels after zinc repletion. 27 In the present study we showed that zinc deficiency does not affect thyroid hormones significantly. This was also showed by Dabbaghmanesh et al. 17 There are several studies that revealed serum TSH is in upper normal range in area with endemic goiter. [28] [29] [30] In our study, although goitrous subjects had higher TSH level than nongoitrous ones, the difference was not statistically significant. In contrast to Semiz et al who showed that serum T4 and TSH were not affected significantly in endemic goiter area, 31 our data revealed that goitrous subject may have lower T4 levels than nongoitrous ones.
In the present study we only measured serum zinc level to determine zinc status. Measurement of zinc in other tissues such as different blood cell types, hair, and nails, and a variety of a zinc-binding proteins, such as metallothionein and other zinc metalloenzymes, have also been investigated as possible indicators of zinc status. However, these approaches do not seem to provide any greater sensitivity or analytic convenience than using serum zinc concentration. 32 In the present study dietary intake of zinc was not assessed and we can not discuss about it here.
The main limitation of our study was that, we categorized participants into goitrous and nongoitrous group by inspection and palpation. Zimmermann et al has questioned the role of inspection and palpation in detection of goiter. 33 It would be more accurate if we used thyroid ultrasonography to determine goiter size. It should be added that we tried to solve this problem by including nongoitrous subject and children with grade 2 of goiter who has significant enlarged thyroid, in the study. 34 
Conclusions
In conclusion, goiter is still a public health problem in Semirom. Iodine deficiency can not explain the high prevalence of goiter in this region. We did not find any association between zinc status and goiter in Semirom school children. We suggest another study with larger sample size and using thyroid ultrasonography, investigating the role of different possible contributors of goiter be done in this region.
